Emission rate of biogenic volatile organic compound (BVOC) released by ginkgo (Ginkgo biloba linn) was estimated from May to October 2007 in Shenyang, China. The released volatiles were collected from branches enclosed in sampling bags onto cartridges filled with Tenax-TA / Carboxen 1000 / Carbosieve SIII, and then quantified by thermal desorption gas chromatography. Isoprene was the main BVOC emitted from ginkgo in May and almost half BVOC emission was limonene during the period (from June to October). The BVOC emission rate increased from May, and reached maximum 42.21 μg g -1 dw h -1 in mid-June, then decreased quickly. Moreover, our study showed that the diurnal change of BVOC emission rate reached its maximum 32.31 µg·g -1 dw·h -1 at 9:00 am, and 89.4% of the total emission was limonene. The emissions of isoprene and ocimene were correlated to both temperature (p<0.05) and light level (p<0.05).
Introduction
On the global scale, about 1273 TgC•y -1 of biogenic volatile organic compounds (BVOC) was released into the atmosphere, and more than 90 % was emitted by terrestrial ecosystem [1] . BVOC reacts with hydroxyl radicals and nitrogen oxides to produce tropospheric ozone. In regions with high concentrations of nitrous oxides, the BVOC emissions contributed to the formation of photochemical smog and ozone [2] . These compounds may also play a role in modifying the atmospheric methane and carbon monoxide burdens [3] , thus have a feedback effect on climate modification [4] . Moreover, the emission of BVOC represented a significant carbon loss [5] . Several regional scale inventories suggested that the biogenic flux of VOC may exceed anthropogenic one. The BVOC emissions could have more important impact on atmospheric chemistry and carbon cycle in both rural and urban areas [6] .
In the last decade, the BVOC researches were mainly done on natural ecosystems, with lesser emphasis on urban ecosystem. VOC emissions from vegetation in the urban area often had high NOx concentration, but this was not well known. Moreover, the local effects of BVOC emissions on atmospheric, fluctuate greatly seasonally during the year, but these were still rather poorly documented [7] . The emission parameters used in models were often based on emission rates measured under various environmental conditions and by assuming a certain light and temperature dependence. Thus, more and better, measurements of BVOC emissions from urban ecosystems and dominant tree species at different times of the year were undoubtedly required.
In this study, BVOC seasonal emission rate and emission pattern of ginkgo (Ginkgo biloba linn), were measured and the effects of light and temperature on BVOC emissions were estimated in order to better understand the potential contribution of urban trees to the tropospheric air chemistry.
Materials and Method
Plant Material. The measurements were made on street trees in Shenyang (41˚46′31.29″ N, 123˚26′27.51″ E) in the northeastern China. During the sampling, the weather was almost cloudless, with a maximum diurnal air temperature 37°C. The sampled trees were characterized by a canopy height of 3 m on average, tree age of 17 years old. Sampling. The measurements in 2007 were performed thrice every month with a clear day from May (after leaf fully expansion) to October (before seasonal abscission). The samples were collected with 9 replicate at 8:30 to 10:00 am for seasonal changes of BVOC emissions. Diurnal changes in BVOC emission samples were collected with 9 replicate at 6:00, 9:00, 12:00, 15:00, 18:00 and 24:00, respectively. The samples were collected as Li et al. [8] . Temperature was measured with a digital thermometer (TES-1364, Taiwan). Light illuminance was measured with a digital luminometer (TES-1330A, Taiwan). Chemical Analysis. The samples were thermally desorbed by a trap desorber (ACEM 9300, CDS, USA) and injected to gas chromatograph (14B, Shimadzu, Japan) with flame ionization detector for detection [8] . Statistical Analysis. All the data were averaged from 9 replicas. All data were calculated by Excel 2003 and subjected to statistical analysis of variance (ANOVA) and correlation analysis in the SPSS 11.5 statistical package.
Results

Variations in Emission
Rates. Fig. 1 shows that the BVOC emission rate reached its daily maximum 32.31 µg C · g -1 dw · h -1 at 9:00 am, and touched bottom 1.25 µg C · g -1 dw · h -1 at 18:00 pm (from 6:00 am to 24:00 pm). The seasonal variation in BVOC emission rate from Ginkgo biloba was shown in Fig. 2 . The total BVOC emission increased from May, reached its maximum 42.21 μg · g -1 dw · h -1 in mid-June, and then decreased to 0.21 μg ·g -1 dw· h -1 in September. Table 3 shows BVOC emission rates in relation to the micrometeorological parameters measured in the sampling dates. The emissions of isoprene and ocimene seems dependent on both temperature (p<0.05) and light (p<0.05). 
Discussion
BVOC emissions rate at daytime was higher than that at mid-night. Generally, there was a peak of emission from Pinus pinea and Quercus ilex, but the peak may present at different time in daytime [9] . The emission rate and seasonal variation of Ginkgo biloba linn were very similar to the larger data set already available for the emissions of cork oak (Quercus suber) [10] . In general, the emission rates of BVOC had a winter period of negligible emissions followed by a rapid rise to a growing season maximum and then rapidly decrease. The emission rates were in some cases linked to plant growth and phenological events such as budding, flowering, fruiting etc. Moreover, emission reduction in summer and fall was observed and was correlated to the lower activity of some terpene synthases [11] . The monoterpene emitters always had specialized structures to store monoterepenes, such as glandular trichomes and resin ducts. This indicated that the emissions were not only dependent on environmental factors but also on endogenous parameters such as the developmental state of the investigated branches [12] . The pattern of volatiles reported here was similar to that found in other studies (eg. coniferous forest, deciduous forest, fruit trees, shrub and crop). Staudt et al. [13] revealed large seasonal changes in both the quantity and composition of the monoterpene emissions from Pinus pinea. Furthermore, Pio et al. [10] found that 80% of the total monoterpenes emitted by Quercus suber were limonene, α-pinene, β-pinene and sabinene. The BVOC synthase genes and the regulatory genes had specifically diversified with speciation and season [14] . For example, volatilization of monoterpenes was likely to increase with temperature [15] , and influenced by light [16] . The diurnal and seasonal variation of the emissions pattern may be explained using a temperature-dependence and light-dependence.
Researchers found that most plants of temperate and tropic species had the maximum emission rates at 35-45ºC [17] . However, our results indicated that the BVOC emission from Ginkgo biloba had the maximum around 33ºC. Because there was no storage of isoprene inside the leaf, this emission behaviour indicated regulation of isoprene synthesis capability. Loreto et al. [18] hypothesized that emission decrease was made strongly by the inefficient supply of photosynthetic carbon into the pathway of BVOC formation. In contrast, Singsaas and Sharkey [17] suggested that the drop in isoprene emission was attributed to a regulation of isoprene synthesis rather than to enzyme denaturation. Filella et al. [19] measured BVOC emissions from Norway spruce in response to a temperature gradient, then found acetic acid and acetaldehyde, however, increased with temperature only until saturation around 30 ºC, closely following the pattern of transpiration rates. In summary, temperature was one of the important factors for synthesis and emissions of BVOC. However, the mechanism determining this control was not clear.
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For the non-storing tree species, BVOC emission was more related to light and photosynthetic rates than to temperature. The light dependence of emission in these species had been ascribed to the need of photosynthetic products for BVOC biosynthesis. Previous research had indicated that rubber trees had a strong trend of light dependency of monoterpene emission [20] . The reported relationship between light and the BVOC emission rates in ginkgo agreed with the previous work on other tree species. The isoprene and monoterpene emission from Amazônian tree species exhibited a light saturation curve similar to CO 2 assimilation [21] . Plant species having light-dependent BVOC emissions could have a significant impact on regional emission model results. Holzko et al. [22] suggested that a twofold intraspecific variation was important relative to long-term effects of light. Instead of the light dependent emissions, studies also found some BVOC emissions were light independent [23] . The specific emissions of BVOC by some plant species were regulated by the physiological status of the vegetation, thus, the existing emission inventory algorithms included a variety of specific emission parameters. Consequently, there was an obvious need to record experimental emission rates with a range of environmental parameters in order to validate and improve the emission estimations.
